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FAULT DETECTION APPARATUS AND FAULT 
DETECTION METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation Application of PCT 
Application No. PCT/JP2010/068873, filed Oct. 25, 2010 and 
based upon and claiming the benefit of priority from Japanese 
Patent Applications No. 2010-042897, filed Feb. 26, 2010; 
and No. 2010-100113, filed Apr. 23, 2010, the entire contents 
of all of which are incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a fault 
detection apparatus and a fault detection method. 

BACKGROUND 

A photovoltaic electricity generating system comprises 
strings, in which multiple electricity generating modules are 
connected in series, and senses electrical output (energy or 
current) for each string. The electrical output of an electricity 
generating module gradually decreases because of deteriora 
tion over time even under the same Sunshine conditions. It is 
also possible that electrical output Suddenly decreases 
because of a fault Such as deterioration of product quality or 
physical damage. The output of Such a faulty electricity gen 
erating module falls to almost Zero, and the module no longer 
contributes to electricity generation. 

To repair or exchange an electricity generating module 
whose electrical output has suddenly decreased as soon as 
possible, a fault detection apparatus is necessary. For 
example, if sensors (such as ammeters) capable of measuring 
the electrical outputs of all electricity generating modules are 
provided, it is possible to recognize a faulty electricity gen 
erating module if its sensor indicates Zero when the level of 
Sunshine is high. 

However, it is difficult to provide electrical output sensors 
for all electricity generating modules because of the manu 
facturing cost. A conventional system recognizes that a string 
contains a faulty module by comparing the electrical outputs 
of strings. For example, the system calculates the average 
electrical output per string, and determines there is a fault if 
the actual electrical output of a string is below average by 
20%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual diagram of a fault detection system. 
FIG. 2 is a block diagram of a fault detection apparatus. 
FIG.3 is a flowchart showing the operation of the detection 

apparatus. 
FIG. 4A illustrates an example of module positional data 

stored in the module positional data storage unit. 
FIG. 4B illustrates another example of module positional 

data stored in the module positional data storage unit. 
FIG. 5A illustrates an example of sunshine condition. 
FIG. 5B illustrates an example of electrical output data 

stored in the electrical output data storage unit under the 
sunshine condition shown in FIG. 5A. 

FIG. 6A illustrates an example of output characteristic 
model. 

FIG. 6B illustrates an example of output characteristic 
model stored in the output characteristic model storage unit 
under the Sunshine condition. 
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2 
FIG. 7A illustrates another example of output characteris 

tic model. 
FIG. 7B illustrates an example of the level of sunshine for 

each electricity generating module. 
FIG. 7C illustrates an example of visualized result of the 

level of sunshine shown in FIG. 7B. 
FIG. 7D illustrates an example of parameter used in FIG. 

7D. 
FIG. 8 is a flowchart showing the operation of the sunshine 

condition spatial correction unit. 
FIG.9A illustrates an example of the first processing of the 

correction processing of the Sunshine condition spatial cor 
rection unit. 
FIG.9B illustrates an example of the second processing of 

the correction processing. 
FIG. 9C illustrates an example of the third processing of 

the correction processing. 
FIG. 9D illustrates an example of the visualized result of 

the correction processing shown in FIG.9C. 
FIG. 10 is a flowchart showing the operation of the elec 

trical output fault detection unit. 
FIG. 11A illustrates an example of the expected electrical 

output per string. 
FIG. 11B illustrates an example of the expected electrical 

output per electricity generating module. 
FIG.11C illustrates an example of the output characteristic 

model. 
FIG. 12 illustrates an example of the visualized result of the 

fault detection processing. 
FIG.13 illustrates an example of the visualized result of the 

Sunshine condition estimate in the long-term electrical output 
data. 

FIG.14 illustrates an example of the visualized result of the 
sequential Sunshine condition estimate. 

FIG. 15 illustrates an example of the configuration of a 
photovoltaic electricity generating system according to the 
second embodiment of the present invention. 

FIG. 16 illustrates the identification numbers of the elec 
tricity generating modules and the identification symbols of 
the strings of the photovoltaic electricity generating system 
according to the second embodiment of the present invention. 

FIG. 17 illustrates an example of positional data stored in 
the module positional data storage unit. 

FIG. 18 illustrates an example of the electrical output 
stored in the electrical output data storage unit. 

FIG. 19 illustrates the Sunshine condition at the time when 
the electrical output shown in FIG. 18 is obtained. 

FIG. 20 illustrates an example of scale parameter of the 
output characteristic model set for each electricity generating 
module. 

FIG. 21 illustrates an example of the level of sunshine 
calculated for each electricity generating module. 
FIG.22A illustrates the level of sunshine shown in FIG. 21 

with textures. 
FIG.22B illustrates example parameters used in FIG.22A. 
FIG. 23A is a flowchart showing an example of the opera 

tion of the fault detection apparatus according to an embodi 
ment of the present invention. 

FIG. 23B is a flowchart showing an example of the opera 
tion of the spatial correction of the sunshine condition for 
each electricity generating module by using the positional 
data. 

FIG. 24 illustrates an example of the method for spatial 
correction of the Sunshine condition for each electricity gen 
erating module. 

FIG.25 illustrates an example of the sunshine condition for 
each electricity generating module after spatial correction. 
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FIG. 26A illustrates the Sunshine condition shown in FIG. 
25 with textures. 

FIG. 26B illustrates example parameters used in FIG. 26A. 
FIG. 27 is a flowchart showing an example of the method 

for determining a faulty electricity generating module based 
on the Sunshine condition after spatial correction. 

FIG.28 illustrates an example of expected electrical output 
for each electricity generating module calculated based on the 
Sunshine condition after spatial correction. 

FIG.29 illustrates an example of the determination method 
based on the difference between the expected output of the 
string in which the expected electrical output for each elec 
tricity generating module is added and the data stored in the 
electrical output data. 

FIG. 30 illustrates an example of the method for determin 
ing a faulty electricity generating module by sequentially 
obtaining the electrical output data. 

DETAILED DESCRIPTION 

In general, according to one embodiment, a fault detection 
apparatus comprises a Sunshine condition estimation unit 
configured to receive an actual electrical output from a string 
that is a unit in which a plurality of electricity generating 
modules are connected in series, and an output characteristic 
model based on which an electrical output is estimated 
depending on a Sunshine condition affecting electricity gen 
eration, and to set a value of Sunshine condition in the output 
characteristic model which is closest to the actual electrical 
output as a Sunshine condition estimate for each string based 
on the received actual electrical output and output character 
istic model; a Sunshine condition spatial correction unit con 
figured to calculate a first total estimate that is a sum of 
Sunshine condition estimates of all output characteristic mod 
els included in a target string, to calculate a second total 
estimate that is a sum of Sunshine condition estimates of all 
electricity generating modules included in each of first adja 
cent strings adjacent to both lengthwise Surfaces of the target 
string, and to correct the Sunshine condition estimates of the 
target string so that the first total estimate falls within a range 
determined by the second total estimates; and an electrical 
output fault detection unit configured to identify a faulty 
electricity generating module when a difference between the 
actual electrical output and a Sum of expected electrical out 
puts of the electricity generating modules calculated by using 
the output characteristic model and the corrected Sunshine 
condition estimates within each string is greater than or equal 
to a first threshold, and the actual electrical outputs is smaller 
than the sum of the expected electrical outputs. 

In the following, the fault detection apparatus and a fault 
detection method according to the embodiment will be 
described in details with reference to the drawings. In the 
embodiments described below, units specified by the same 
reference number carry out the same operation, and may only 
be explained once. 
An example of the fault detection system in the photovol 

taic electricity generating system including the fault detection 
apparatus according to the first embodiment will be explained 
with reference to FIG. 1. 
A fault detection system 100 comprises an electricity gen 

erating module 101, a measurement device 103, a controller 
104, and a fault detection apparatus 105. 
The electricity generating module 101 is an electricity 

generating panel capable of generating electricity by receiv 
ing light Such as Sunlight. A string 102 is formed of a plurality 
of the electricity generating modules 101 connected in series. 
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4 
In FIG.1, a plurality of strings 102 are provided each of which 
includes five electricity generating modules 101 connected in 
series. 
The strings 102 are connected to respective measurement 

devices 103, and the measurement device 103 measures the 
output current or output Voltage of the corresponding string 
102. 
The controller 104 controls the release voltages of the 

strings 102. 
The fault detection apparatus 105 receives measurement 

values of the strings 102 measured by the measurement 
devices 103, and determines a faulty string 102 or a faulty 
electricity generating module 101 based on the measurement 
values. The measurement devices 103 may be connected to a 
server (not shown in the figures), instead of the fault detection 
apparatus 105, and the outputs of the measurement devices 
103 may be stored in the server. In this case, the remotely 
provided fault detection apparatus 105 may receive data from 
the server to determine a faulty string 102 or a faulty electric 
ity generating module 101. 

Next, the fault detection apparatus according to the present 
embodiment will be explained with reference to FIG. 2. 
The fault detection apparatus 105 according to the present 

embodiment comprises a module positional data storage unit 
201, an electrical output data storage unit 202, an output 
characteristic model storage unit 203, a Sunshine condition 
estimation unit 204, a module Sunshine condition storage unit 
205, a sunshine condition spatial correction unit 206 and a 
faulty electrical output detection unit 207. 
The module positional data storage unit 201 Stores posi 

tional data indicating the position where each electricity gen 
erating module is provided as module positional data. The 
module positional data will be explained with reference FIG. 
4 later. 
The electrical output data storage unit 202 stores electricity 

values measured for a predetermined period that are associ 
ated with the respective strings 102 as electrical output data. 
The electrical output data may be current or Voltage. 
The output characteristic model storage unit 203 stores 

output characteristic models for the respective electricity gen 
erating modules 101, based on which the electrical output can 
be estimated depending on the Sunshine condition affecting 
electricity generation Such as the level of Sunshine or tem 
perature. The output characteristic model may be any model 
based on which an expected electrical output indicating an 
estimate of electrical output of the electricity generating mod 
ule 101 in accordance with the sunshine condition can be 
calculated. For example, a neural network or a linear regres 
sion model may be used as a model to calculate the expected 
electrical output. The output characteristic model stored in 
the output characteristic model storage unit 203 will be 
explained with reference to FIG. 6 later. 
The Sunshine condition estimation unit 204 receives the 

electrical output data from the electrical output data storage 
unit 202, and receives the output characteristic model from 
the output characteristic model storage unit 203. The sun 
shine condition estimation unit 204 sets the value of the 
Sunshine condition in the output characteristic model which is 
the closest to the electrical output data as the Sunshine con 
dition estimate based on the received data. Concretely, the 
level of Sunshine obtained by applying the electrical output 
data to the output characteristic model is calculated for each 
electricity generating module 101 as the Sunshine condition 
estimate. 
The module sunshine condition storage unit 205 receives 

the Sunshine condition estimate from the Sunshine condition 
estimation unit 204, and stores the estimate. The module 
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Sunshine condition storage unit 205 receives a corrected Sun 
shine condition estimate from Sunshine condition spatial cor 
rection unit 206 described below, and stores the corrected 
estimate. 
The sunshine condition spatial correction unit 206 receives 

the module positional data from the module positional data 
storage unit 201, and receives the Sunshine condition estimate 
from the module sunshine condition storage unit 205. The 
Sunshine condition spatial correction unit 206 performs spa 
tial correction based on the module positional data to improve 
continuity of Sunshine condition estimates of adjacent elec 
tricity generating modules 101. The operation of the sunshine 
condition spatial correction unit 206 will be explained with 
reference to FIGS. 8 and 9 later. 
The faulty electrical output detection unit 207 receives the 

electrical output data from the electrical output data storage 
unit 202, the output characteristic model from the output 
characteristic model storage unit 203, and the updated Sun 
shine condition estimate from the module Sunshine condition 
storage unit 205. The faulty electrical output detection unit 
207 compares the expected electrical output calculated based 
on the output characteristic model (concretely, the Sum of 
expected electrical outputs of all electricity generating mod 
ules 101 in a string 102) with the actual electrical output data, 
and determines an electricity generating module 101 whose 
output decreases and that may be faulty. The fault includes a 
state where the module is completely broken and cannot 
generate electricity, and a state where the electrical output is 
greatly lower than the expected electrical output. For 
example, if the electrical output of a module is about 50% of 
the expected electrical output, the module is considered to be 
faulty. The operation of the faulty electrical output detection 
unit 207 will be explained with reference to FIGS. 10 and 11 
later. 
The operation of the fault detection apparatus will be 

explained in detail with reference to the flowchart of FIG. 3. 
In step S301, the module positional data is read into the 

module positional data storage unit 201, and the output char 
acteristic model is read into the output characteristic model 
storage unit 203. The measurement device 103 measures the 
electrical output for each String 102 at regular intervals, and 
stores the measured outputs into the electrical output data 
storage unit 202. The module positional data and the output 
characteristic model may be read periodically or when the 
apparatus is initially started up by means of an externally 
provided reading means, and may be stored in the module 
positional data storage unit 201 and the output characteristic 
model storage unit 203, respectively. 

In step S302, the sunshine condition estimation unit 204 
estimates the Sunshine condition for each electricity generat 
ing module 101 based on the electrical output data, and cal 
culates the Sunshine condition estimates. 

In step S303, the Sunshine condition spatial correction unit 
206 performs spatial correction by referring to the sunshine 
condition and the module positional data for each electricity 
generating module 101. 

In step S304, the faulty electrical output detection unit 207 
determines whether or not the electricity generating modules 
101 are faulty by using the corrected sunshine condition 
estimates for the respective electricity generating modules 
101. 
The operation of the fault detection apparatus according to 

the present embodiment will be explained in detail. 
First, an example of the module positional data will be 

explained in detail with reference to FIG. 4. 
In FIG. 4A, a string 102 includes five electricity generating 

modules 101 arranged side by side. Three sets of vertically 
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6 
arranged six strings 102 are horizontally arranged, and 18 
strings (90 electricity generating modules 101) are arranged 
in FIG. 4A in total. Each of the electricity generating modules 
101 has an ID of 1,2,...,90, and each string has a group ID. 
For example, a string 102 having electricity generating mod 
ules 101 whose IDs are 1 to 5 is assigned as a group ID, “A.” 
Hereinafter, a string having the group ID, “A” is called 
“string A.” In this figure, 18 strings are provided; however, the 
number of the strings and the arrangement of the strings may 
vary. 

FIG. 4B is a table in which the module positional data 401 
including the ID, group ID, and X- and Y-coordinates for each 
electricity generating module 101 shown in FIG. 4A is stored. 
The X- and Y-coordinates may be the coordinates on the 
artificial grids as used in the module positional data 401, or 
may be more specific values such as the latitude and longi 
tude. 
An example of the electrical output data will be explained 

in detail with reference to FIG. 5. 
FIG. 5A shows the electrical output data under the condi 

tion where shadow 502 because of cloud 501 lies over the 
strings 102 arranged as shown in FIG. 4A. Concretely, it is 
assumed that shadow 502 because of cloud 501 lies over 
strings A, B, C, G, H and I, and a fault is detected in the 
electricity generating modules 101 whose IDs are 35 and 74 
(hereinafter, referred to as electricity generating modules 35 
and 74). 

FIG. 5B is a table indicating the electrical output data for 
each string 102 under the condition shown in FIG. 5A stored 
in the electrical output data storage unit 202. The table 
includes the electrical output sampled within a certain period 
for each string. The electrical output may be an average 
output within the certain period, or a total output within the 
certain period. According to FIG. 5B, the electrical outputs of 
the electricity generating modules 101 over which shadow 
502 lies are lower than those of the other electricity generat 
ing modules 101. 
An example of the output characteristic model will be 

explained in detail with reference to FIG. 6. 
FIG. 6A shows the values of scale parameter r for each 

electricity generating module. It is possible to reflect the 
quality difference between the electricity generating modules 
or information about faulty electricity generating modules 
detected before by using the parameter r. For example, if r of 
an electricity generating module having the average electrical 
output is 1.0, the quality of an electricity generating module 
whose r is 1.05 exceeds the average electricity generating 
module by 5%. For electricity generating modules whose 
calibrations at the time of manufacture or installation show 
excellent results, r may be set to higher. The values of r of all 
the electricity generating modules may be set to be identical 
to, or different from each other. For an electricity generating 
module that has been detected as faulty, and has not been 
exchanged, r should be set to 0.0 not to be used for fault 
detection processing. 

FIG. 6B shows example output characteristic models using 
the scale parameter r for each electricity generating module. 
The graph indicates how the electrical output changes in 
accordance with the level of sunshine. Output characteristic 
model 601 is a basic model indicating the output character 
istics in the case where r is 1.0. Output characteristic model 
602 indicates the output characteristics in the case where r is 
below 1.0. Based on these output characteristic models, the 
expected electrical output can be determined. In the example 
shown in FIG. 6, an univariate model is used; however, a 
bivariate model in which temperature, for example, is added 
may be used. By using the scale parameter r as an index 
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indicating the state of each electricity generating module, it is 
possible to realize fault detection in consideration of the 
quality difference or faulty modules detected before. 

Estimation processing of the Sunshine condition estima 
tion unit 204 will be explained in detail with reference to 
FIGS. 7A to 7C. 

FIG. 7A shows the output characteristics using the scale 
parameter r shown in FIG. 6A. The basic model of the output 
characteristic model shown in FIG. 7A is given by 

W=200x.S. (1) 

where W is the electrical output, and S is the sunshine con 
dition estimate. If the scale parameter of an electricity gener 
ating module i (i is any natural number) is r(i), the output 
characteristic model can be given by 

W(i)=200xr(i)xSOi). (2) 

In FIG. 7A, output characteristic model 701 indicates the 
output characteristics of the electricity generating module 74. 
and output characteristic model 702 indicates the output char 
acteristics of the electricity generating module 90. When the 
electrical output data for each string 102 is provided, the 
Sunshine condition estimate is given by 

S(i)= W(i)/r(i)/200. (3) 

For example, according to FIG. 5B, the electrical output of 
string O in which five electricity generating modules includ 
ing the electricity generating module 74 are connected in 
series is 890 kW. The Sunshine condition estimate of the 
electricity generating module 74 is given by 

S(74)=890/5/1.10/200=0.809. (4) 

Similarly, the sunshine condition estimate of the electricity 
generating module 90 is S (90)=1.00 by using the output 
characteristic model 702. Ifr(i)=0, the module is not used for 
fault detection, and calculation is not carried out. 

FIG. 7B shows the results of calculation of the sunshine 
condition estimate for each string 102. Blocks 703 and 704 
indicate the results of the electricity generating modules 74 
and 90, respectively. Since the electrical output is obtained for 
each string 102, it is assumed that the Sunshine condition 
estimates of the electricity generating modules 101 within 
each string 102 are identical. 
FIG.7C visually expresses the results shown in FIG. 7B in 

accordance with the Sunshine condition estimates by using 
textures. FIG. 7D shows the textures corresponding to the 
sunshine condition estimates. According to FIG.7C, the sun 
shine condition estimate of string O is lower than that of 
neighboring strings. 
The spatial correction processing in the Sunshine condition 

spatial correction unit 206 will be explained in detail with 
reference to the flowchart of FIG. 8 and FIG. 9. It is consid 
ered that the Sunshine condition has spatial continuity. 
Accordingly, accurate Sunshine condition estimation is pos 
sible by correcting the estimate to improve the spatial conti 
nuity by using the positional information. 

In step S801, spatial smoothing is performed to the string 
102 which indicates variations in sunshine level. The spatial 
Smoothing is performed by using the Sunshine condition esti 
mate of a target String 102 and the Sunshine condition esti 
mates of strings 102 adjacent to both sides of the target string 
102 that have electricity generating modules 101 whose dis 
tances to the respective electricity generating modules 101 of 
the target string 102 are smallest, and differences of distances 
which are smallest (hereinafter, referred to as adjacent 
Strings). 
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8 
The lengthwise Surface represents a longitudinal edge for a 

rectangular string, and represents an undulating edge for an 
uneven String. 

Concretely, in FIG. 7B, the Sunshine condition estimate 
0.982 of string Q is smaller than the Sunshine condition esti 
mate 1.01 of string P directly above string Q, and is smaller 
than the Sunshine condition estimate 1.00 of string R directly 
below string Q. It hardly ever happens that such a V-shape 
variation is shown within a small range. In this case, the 
Sunshine condition estimate of string Q is corrected based on 
the average Sunshine condition estimate of strings Pand Ras 

= (1.010 + 1.000)f 2 

= 1.005. 

FIG. 9A shows the sunshine condition estimate for each 
string 102 after the processing of step S801 has been com 
pleted. The spatial smoothing is performed not only for the 
case where the V-shaped variation occurs, but also for the case 
where only the middle string 102 within three continuous 
strings 102 has the high Sunshine condition estimate (inverted 
V-shape condition). 

In step S802, if the Sunshine condition estimate of the 
target string 102 falls between the sunshine condition esti 
mates of strings 102 adjacent to both of the short-side surfaces 
of the target string 102, the Sunshine condition estimates are 
redistributed within the target string 102 not to change the 
total Sunshine condition estimate of the target string 102. 
Since it is assumed that the Sunshine condition estimates 
within a single string 102 are the same, spatial continuity is 
realized by setting the Sunshine condition estimates of the 
electricity generating modules 101 to gradually increase or 
decrease without changing the total Sunshine condition esti 
mate. 

An example of redistribution of sunshine condition esti 
mates will be explained in detail. In FIG.9A, in accordance 
with the Sunshine condition estimate of string A, that is lat 
erally adjacent to string G901 (right of string A), 0.198, the 
Sunshine condition estimate of electricity generating module 
31 which is closest to string A within string G901 is set to 
0.198. Next, in accordance with the sunshine condition esti 
mate of string M, 1.000, the sunshine condition estimate of 
electricity generating module 35 which is next to string M 
within string G901 is set to 1.000. Finally, the other electricity 
generating modules 32, 33 and 34 are set not to change the 
total sunshine condition estimate of string G901, which is 
0.418x5–2.09. In this example, the Sunshine condition esti 
mates of electricity generating modules 32 and 33 are set to 
0.198, and the sunshine condition estimate of electricity gen 
erating module 34 is set to 0.496. The sunshine condition 
estimates of the other modules are set to gradually increase. 
This example adopts three-step processing; however, another 
processing including more than three steps may be adopted. 

FIG. 9B shows the results of gradient calculation for the 
Sunshine condition estimates of the electricity generating 
modules shown in FIG. 9A within each string. 

In step S803, spatial smoothing is performed for each 
electricity generating module, and the corrected Sunshine 
condition estimates are obtained as updated Sunshine condi 
tion estimates. In step S803, Smoothing using spatial average, 
spatial median, or Markov probability may be used for spatial 
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smoothing processing. FIG. 9C shows the results of spatial 
Smoothing for each electricity generating module by using 
the spatial average. 

In FIG. 9C, the corrected Sunshine condition estimate of 
each electricity generating module is obtained by taking an 
average of the Sunshine condition estimates of a target mod 
ule and eight modules adjacent to the target module. FIG.9D 
shows the results shown in FIG.9C with the texture indicated 
in FIG. 7D, in accordance with the corrected Sunshine con 
dition estimates. Comparing to the Sunshine condition esti 
mates before spatial correction as shown in FIG. 7C, the 
spatial continuity of Sunshine condition is improved. The 
spatial correction is achieved by the above operations. Base 
on the spatial correction, it is possible to obtain the corrected 
Sunshine condition estimates whose spatial continuity is 
improved. If the string is a square, the operations of steps 
S801 and S802 may be applied to any adjacent strings. For 
example, the operation of step S802 may be applied to sur 
rounding strings of the target String without performing the 
operation of step S801. 
The spatial correction is performed for two strings 

arranged at both sides of the target String; however, the opera 
tion of step S801 may be performed for other strings lined up 
at both sides of the target String. 
The fault detection performed at the faulty electrical output 

detection unit 207 will be explained in detail with reference to 
the flowchart shown in FIG. 10. 

In step S1001, an expected electrical output of each elec 
tricity generating module is calculated. Concretely, if the 
value of electricity generating module i is S(i), the expected 
electrical output W(i) of the module is given by 

In step S1002, an output difference between the electrical 
output and the expected electrical output of each string is 
calculated. Since the electrical output is obtained merely for 
each string, the electrical output is compared with the total 
expected electrical outputs of each electricity generating 
module within a string. 

In step S1003, it is determined whether the expected elec 
trical output is Smaller than the electrical output, and the 
output difference is Smaller than a threshold, for each String. 
If there is no string in which the expected electrical output is 
smaller than the electrical output, and the output difference is 
smaller than the threshold, the fault detection is terminated. If 
there are one or more strings in which the expected electrical 
output is Smaller than the electrical output, and the output 
difference is smaller than the threshold, these strings are 
regarded as faulty string candidates, and step S1004 is 
executed. 

In step S1004, referring to the output differences of the 
strings adjacent to the lengthwise Surface of a target string, it 
is determined whether the string is eliminated from the faulty 
string candidates. Concretely, if the output differences of 
adjacent strings are large, these strings are eliminated from 
the faulty string candidates since there is a low possibility of 
two adjacent strings being faulty. If there is a string to be 
eliminated from the faulty string candidates, the string is 
eliminated from the candidates, and the step S1005 is 
executed with the other strings regarded as the faulty string 
candidates. If there is no string to be eliminated from the 
faulty string candidates, the step S1005 is executed with all 
the faulty string candidates. If all the candidates are elimi 
nated, and there is no faulty string candidate, the fault detec 
tion is terminated. 
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In step S1005, the position of the faulty module is defined 

by comparing the output difference with the expected elec 
trical output for each electricity generating module. 
An example of the fault detection of faulty electrical output 

detection unit 207 will be explained in detail with reference to 
FIGS 11A to 11C. 

FIG. 11A is a table indicating the electrical output, 
expected electrical output and output difference of each 
string. FIG. 11B shows the expected electrical output of each 
electricity generating module, and FIG. 11C shows an 
example of expected electrical output calculated from the 
output characteristic model. FIG. 11C shows the expected 
electrical output of electricity generating module 74. Con 
cretely, the expected electrical output of electricity generating 
module 74 is given by 

W(74)=200x1.10x0.9852,217 (kW). (7) 

If a threshold used in step S1003 is A=50, in FIG. 11A, 
strings C, D, G and O whose output difference is smaller than 
-50 are extracted as candidates of faulty strings 1101. Next, 
the continuous strings C and Dare eliminated from the can 
didates of faulty strings 1101, and strings G and O are deter 
mined to be faulty strings 1101. 

Finally, the position of the faulty electricity generating 
module within the faulty string 1101 is determined. For string 
G, the output difference is -93. Assuming that two electricity 
generating modules are not broken at the same time, this 
output difference cannot be obtained if the electricity gener 
ating module whose expected electrical output is 93 or less is 
faulty. Accordingly, electricity generating modules 31 and 32 
are eliminated from the candidates, and it is determined that 
one of electricity generating modules 33, 34 and 35 is faulty. 
For string O, the output difference is -194, and there is a 
possibility that all modules 86 to 90 in string O are faulty. 

FIG. 12 shows an example of the finally output results of 
fault detection. 

In FIG. 12, two faulty strings are detected; one has faulty 
electricity generating modules Stemming from the center to 
the right side. As shown in FIG. 12, the positions of faulty 
electricity generating modules may be visually indicated, or 
may be numerically indicated to a user. The fault detection 
indicated above may synthetically detect a fault by using 
multiple detection results. In this case, the positions of faulty 
electricity generating modules can be specified more accu 
rately. 

FIGS. 13 and 14 show the results of fault detection using 
the electrical output data measured for a long time. 
As shown in FIG. 13, it is assumed that belt-like sunshine 

variations appear. However, in the present embodiment, fault 
detection can be performed for continuous variations regard 
less the shape of variations. FIG. 14 shows the electrical 
output data stored in a storage unit for storing Sunshine con 
dition estimate of each module for each predetermined 
period. As stated above, when space-time correction is per 
formed by adding temporal correction, the precision Sunshine 
condition can be obtained, and accurate fault detection is 
realized. 

According to the aforementioned embodiment, it is pos 
sible to accurately detect a fault by correcting the electrical 
outputs of the electricity generating modules to improve spa 
tial continuity, and to estimate the position of a faulty elec 
tricity generating module. 

Next, the fault detection apparatus and the fault detection 
method according to the second embodiment will be 
described in details with reference to the drawings. In the 
embodiments described below, units specified by the same 
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reference number as in the first embodiment carry out the 
same operation as in the first embodiment, and may only be 
explained once. 

FIG. 15 roughly shows a photovoltaic electricity generat 
ing system and the fault detection apparatus according to the 
second embodiment. The photovoltaic electricity generating 
system comprises a plurality of electricity generating panels 
1505 connected to a remote diagnostic server 1507 via a 
network 1506. Each electricity generating panel 1505 com 
prises a plurality of strings 1502, a measurement device 1503 
for measuring the output current and output Voltage of the 
corresponding string 1502, and a communication device 1504 
for transmitting the output current and output Voltage mea 
sured at the measurement device 1503 to the remote diagnos 
tic server 1507. The string 1502 comprises a plurality of 
electricity generating modules 1501 connected in series. In 
FIG. 15, six communication devices 1504 of corresponding 
electricity generating panels are connected via the network 
1506. The output voltage and output current of each string 
1502 of five electricity generating panels are supplied to the 
remote diagnostic server 1507. The remote diagnostic server 
1507 comprises the fault detection apparatus 105 as shown in 
FIG 2. 
The configurations of the aforementioned fault detection 

apparatus may be realized by hardware or Software only, or a 
combination of hardware and software. 

FIG. 16 shows an example of positional data of electricity 
generating module stored in the module positional data Stor 
age unit 201. The module positional data storage unit 201 
stores positional data indicating the position in which each 
electricity generating module is arranged as module posi 
tional data. The photovoltaic electricity generating system 
shown in FIG. 15 will be explained by using symbols and 
numbers shown in FIG. 16 below. 

In FIG.16, six electricity generating panels 1505 in each of 
which 15 electricity generating modules 1501 are arranged in 
a matrix having 3 rows and 5 columns are provided. 
Each of the electricity generating modules 1501 has an ID of 
1,2,...,90. Each string 1502 which comprises five electricity 
generating modules connected in series has a group ID. For 
example, string 1502 whose group ID is A comprises elec 
tricity generating modules whose IDs are 1 to 5. 
As shown in FIG. 17, the module positional data storage 

unit 201 stores the IDs of electricity generating modules 
1501, group IDs of strings 1502, IDs of electricity generating 
panels 1505 and coordinates of locations of electricity gen 
erating modules 1501 (X- and Y-coordinates). The X- and 
Y-coordinates may be the coordinates on the artificial grids, 
or may be the latitude and longitude. The coordinates of 
locations may be any coordinates having a resolution to 
specify the locations of electricity generating modules 1501. 
The electrical output data storage unit 202 stores output 

Voltage and output current measured by the measurement 
device 1503. In the present embodiment, the electrical output 
data storage unit 202 stores actual output within a predeter 
mined period for each string 1502 as electrical output data. 
The fault detection apparatus is configured to present the 
output Voltage and output current measured by the measure 
ment device 1503 to a user by means of a monitor of the 
remote diagnostic server 1507 or an externally connected 
display unit. 

FIG. 18 shows an example of electrical output data of the 
photovoltaic electricity generating system show in FIG. 16. 
The electrical output data of FIG. 18 is obtained under the 
condition where shadow because of cloud lies over Strings 
1502 whose IDs are A, B, C, G, H and I among the six 
electricity generating panels 1505 whose IDs are 1 to 6. 
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The electrical output data shown in FIG. 18 indicates the 

sum of electrical outputs calculated based on the output volt 
ages and output currents measured within the predetermined 
period. The electrical output data may be the average of 
electrical outputs within the predetermined period or the sum 
of the outputs. In the following example, the case where 
electricity generating modules 1501 whose IDs are 35 and 74 
are faulty will be explained. 

FIG. 19 shows an example of sunshine condition where the 
electrical output data shown in FIG. 18 is obtained. Six elec 
tricity generating panels 1505 are separately arranged. The 
electricity generating panel 1505 whose ID is 1 is placed 
under shadow because of cloud 1900, and the level of Sun 
shine is low. The electricity generating panel 1505 whose ID 
is 3 is placed partly under shadow because of cloud 1900, and 
the level of Sunshine is low. On this condition, the electrical 
outputs of strings 1502 whose IDs are A, B, C, G, Hand I tend 
to be lower than those of the other strings 1502. 
The output characteristic model storage unit 203 stores 

output characteristic models for the respective electricity gen 
erating modules 1501, based on which the electrical output 
can be estimated depending on the Sunshine condition affect 
ing electricity generation Such as the level of Sunshine or 
temperature. The output characteristic model may be any 
model based on which an electrical output estimate can be 
calculated in accordance with the Sunshine condition. For 
example, a neural network or a linear regression model may 
be used as the model. 

FIG. 6B shows an example of the output characteristic 
models. In the model shown in FIG. 6B, the output charac 
teristic is defined by the basic model 601 and the scale param 
eter r. The basic model 601 is an output characteristic model 
of an average electricity generating module relative to the 
sunshine levels. For example, the output characteristic where 
the scale parameter is r is indicated as graph 602. The 
expected electrical output of the electricity generating mod 
ule 1501 is determined by calculating the Y-value relative to 
the Sunshine level indicated on the X-axis by using the graph 
602. 

In the example shown in FIG. 6B, an univariate output 
characteristic model which uses the Sunshine level as a vari 
able is used; however, a bivariate output characteristic model 
in which the Sunshine level and temperature, for example, are 
used as variables may be used. 

FIG. 20 shows an example of the scale parameter R set for 
each electricity generating module 1501. The scale parameter 
r may be set to a value reflecting the quality difference 
between electricity generating modules 1501 or the fault 
detected before. For example, the electricity generating mod 
ule 1501 whose ris 1.05 is higher in electrical output than the 
average electricity generating module 1501 by 5%. For elec 
tricity generating modules 1501 whose calibrations at the 
time of manufacture or installation show excellent results, r 
may be set to higher. 
The values of r of each electricity generating module may 

be set to be identical to each other. For an electricity gener 
ating module 1501 that has been detected as a faulty module, 
and has not been exchanged, r should be set to 0.0. By setting 
the state of each electricity generating module 1501 as a scale 
parameter r, the output characteristic model in which the 
quality difference between electricity generating modules 
1501 or the fault detected before is considered can be 
obtained. 
The module sunshine condition storage unit 205 is a 

memory region for temporally storing the Sunshine condition 
estimate for each electricity generating module 1501. The 
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module sunshine condition storage unit 205 is provided 
within a temporally storage region on the remote diagnostic 
Server 1507. 
The output Sunshine condition estimation unit 204 is con 

figured to compute the most likely Sunshine condition for the 
obtained electrical output data for each electricity generating 
module 1501 by using the electrical output data stored in the 
electrical output data storage unit 202 and the output charac 
teristic model stored in the output characteristic model stor 
age unit 203. The output Sunshine condition estimation unit 
204 stores the computed Sunshine conditions in the module 
sunshine condition storage unit 205. For example, the basic 
model of Sunshine condition estimate in the output Sunshine 
condition estimation unit 204 is the same as the model shown 
in FIG. 7A. 

FIG. 21 shows example sunshine levels of all electricity 
generating modules 1501 estimated as stated above. In FIG. 
22A shows the estimated Sunshine levels by using different 
textures indicated in FIG. 22B. In FIGS. 21 and 22A, the 
Sunshine level estimated at the electricity generating module 
1501 included in the string 1502 whose ID is O is lower than 
the sunshine levels estimated for surrounding strings 1502. 

It is considered that the sunshine level should be spatially 
continuous. Accordingly, Sunshine levels can be estimated 
more accurately if the Sunshine condition estimates are cor 
rected to improve spatial continuity by using the positional 
data of the electricity generating modules 1501. 
The sunshine condition spatial correction unit 206 com 

prises a spatial Smoothing unit for setting the Sunshine con 
dition estimate of a certain electricity generating module 
1501 to an average of the sunshine condition estimates of the 
other electricity generating modules within a predetermined 
region including the certain electricity generating module 
1501. The spatial smoothing unit specifies the other electric 
ity generating modules 1501 within a predetermined region 
Stemming from the positional data of a target electricity gen 
erating module stored in the module positional data storage 
unit 201, and performs spatial correction to the Sunshine level 
of the target electricity generating module stored in the mod 
ule sunshine condition storage unit 205 in order to improve 
the continuity of estimated sunshine levels between the target 
electricity generating module and the other electricity gener 
ating modules. The corrected Sunshine levels are stored in the 
module sunshine condition storage unit 205. 
The faulty electrical output detection unit 207 comprises a 

unit of calculating expected electrical output of the electricity 
generating module 1501, a unit of calculating the output 
difference AW between the total expected electrical outputs 
of the electricity generating modules 1501 of each string 1502 
and the actual electrical output data, a unit of detecting a 
string 1502 whose output difference AW exceeds a threshold 
as a faulty string, and a unit of specifying a possible faulty 
electricity generating module 1501 by comparing the output 
difference AW of the faulty string and the expected electrical 
output of each electricity generating module 1501 within the 
faulty string. 
The faulty electrical output detection unit 207 compares 

the expected electrical output of the output characteristic 
model when the estimated Sunshine condition is assumed to 
be correct with the electrical output data, and detects an 
electricity generating module whose output is assumed to 
decline. 

FIG. 23A shows a flowchart explaining the operation of 
fault detection. First, the fault detection apparatus reads the 
positional data stored in the module positional data storage 
unit 201, the electrical output data stored in the electrical 
output data storage unit 202, and the output characteristic 
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14 
model stored in the output characteristic model storage unit 
203 (step S2301). The output sunshine condition estimation 
unit 204 estimates the sunshine level by using the positional 
data, electrical output data, and output characteristic model 
(step S2302), and stores the estimated Sunshine level in the 
module sunshine condition storage unit 205. Then, the sun 
shine condition spatial correction unit 206 performs spatial 
correction to the estimated Sunshine level by using the posi 
tional data (step S2303). 

FIG. 23B shows a flowchart explaining an example of 
spatial correction. First, the spatial Smoothing unit of the 
sunshine condition spatial correction unit 206 searches N 
electricity generating modules 1501 closest to a target elec 
tricity generating module 1501 (step S3002). The distance 
between electricity generating modules 1501 can be obtained 
by the positional coordinates Stored in the module positional 
data storage unit 201. 

Then, the Sunshine levels of the target electricity generat 
ing module 1501 is estimated based on the sunshine levels s of 
all electricity generating modules 1501 placed within a hemi 
sphere of radius T centered on the target electricity generating 
module 1501. In the present embodiment, the sunshine level 
S is estimated by using a spatial average technique in which 
weights are assigned by the kernel method (step S3003). The 
kernel interpolation is described in detail in Interactive Spa 
tial Data Analysis, Trevor Bailey, and Tony Gatrell (1996), 
Prentice Hall (ISBN: 0582244935). The spatial average in 
which weights are assigned is given by 

(1) s(i) =X wis(j)/X w. 
i 

where the weight is given by 

(2) 

FIG. 24 is a diagram to explain the spatial average tech 
nique in which weights are assigned. In FIG. 24, a target 
electricity generating module 1501 is the electricity generat 
ing module 1501 whose ID is 38 included in the string 1502 
whose ID is H of the electricity generating panel 1505 whose 
ID is 3. The sunshine level of the target electricity generating 
module 1501 is estimated based on the average of sunshine 
levels of electricity generating modules 1501 within region 
2402 that is a hemisphere of a radius T centered on the target 
electricity generating module 1501. 
When using the sunshine levels of the electricity generat 

ing modules 1501 within the region 2402, a weight is 
assigned to each electricity generating module 1501 accord 
ing to the distance between the target electricity generating 
module 1501 and the respective modules. To reflect the sun 
shine level of the electricity generating modules 1501 close to 
the target electricity generating module 1501 to the calcula 
tion results, the following kernel function is uses as weighting 
technique: 

(3) 
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where 1 is a two-dimensional vector indicating the position of 
an electricity generating module 1501. The representative 
kernel function is 

(4) 3 fy2 f 
(1 -u u) where utts 1 k(u) - O 

The Sunshine level of the target electricity generating mod 
ule 1501 calculated by using the above kernel function is 
stored in the module Sunshine condition storage unit 205 (step 
S3004). The above processing is performed for all electricity 
generating modules 1501 within the target region 2402 (step 
S3001) to improve spatial continuity of sunshine levels. 

FIG. 25 shows an example of spatial smoothing results for 
each electricity generating module 1501 obtained by per 
forming spatial average processing. FIG. 26A shows the cor 
rected Sunshine levels by the above-mentioned processing by 
different textures indicated in FIG. 26B. By performing the 
above processing, it is possible to estimate the Sunshine levels 
whose spatial continuity is high. The actual Sunshine condi 
tion is assumed to have high spatial continuity. Thus, it is 
possible to detect a faulty electricity generating module 1501 
by using more accurate Sunshine levels. 

The faulty electrical output detection unit 207 compares 
the expected electrical output of the output characteristic 
model when the estimated Sunshine condition is assumed to 
be correct with the electrical output data, and detects an 
electricity generating module whose output is assumed to 
decline (step S2304). 

FIG. 27 shows a flowchart explaining an example of elec 
trical output fault detection. First, the expected electrical 
output is calculated for each electricity generating module 
1501 (step S2701). The electrical output is calculated by the 
estimated Sunshine level for each electricity generating mod 
ule 1501. Concretely, if the corrected sunshine level of the 
electricity generating module 1501 whose ID is i is S(i), the 
expected electrical output W(i) of this electricity generating 
module 1501 is given by 

the other cases. 

FIG. 28 shows the estimation results of the expected elec 
trical output for each electricity generating module 1501. For 
example, the expected electrical output of the electricity gen 
erating module 1501 whose ID is 74 is given by 

W(74)=200x1.10x0.985 217 (kW). 

Then, the expected electrical outputs are added within each 
string 1502, and the total expected electrical output is com 
pared with the electrical output obtained for each string 1502 
(step S2702). 

FIG. 29 shows an example of calculation results for each 
string 1502. A string in which the difference AW between the 
expected electrical output and the electrical output obtained 
for each string 1502 is less than or equal to a threshold is 
extracted (step S2703). If the threshold is -50, the strings 
1502 whose IDs are G and O are extracted in the example of 
FIG. 29. 

Finally, the difference AW and the expected electrical out 
put of each module are compared to each other, and the 
position of a faulty electricity generating module 1501 is 
specified (step S2704). For example, if it is assumed that the 
difference AW of the string 1502 whose ID is G is -93, and 
two electricity generating modules 1501 are not faulty at the 
same time, this difference AW cannot be obtained when the 
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16 
modules whose expected electrical output falls below 93 are 
faulty. Thus, the electricity generating modules 1501 whose 
IDs are 31 and 32 are eliminated from the faulty candidates, 
and it is determined that an electricity generating module 
1501 within the modules whose IDs are 33 and 34 is faulty. 
The difference AW of the string 1502 whose ID is O is -194, 
and it is possible that all electricity generating modules 1501 
in this string are faulty. 
When performing fault detection, it is possible to syntheti 

cally detect a fault by using multiple detection results. In this 
case, the positions of faulty electricity generating modules 
can be specified more accurately. 

FIG. 30 is a diagram to explain an example of the fault 
detection method for the case where the electrical output data 
is acquired on the time series. When the electrical output data 
for each time t1 to t6 is stored, and module Sunshine condition 
storage unit 205 has a storage region for respective times t1 to 
t6, the sunshine level can be estimated more accurately by 
applying spatial-time correction. If the electrical output data 
is acquired on the time series, Sunshine condition can be 
estimated by taking the moving direction and speed of cloud 
into consideration. For example, the sunshine level of time t2 
is corrected so as to continuously change relative to the Sun 
shine levels of times t1 and t3. Correcting the sunshine level 
of a target time so as to continuously change relative to the 
sunshine levels before and after the target time realizes accu 
rate fault detection. When detecting a fault, the above fault 
detection is performed by using the electrical output data 
acquired for each of times t1 to té. 
As stated above, according to the present embodiment, the 

fault detection is performed by calculating the expected elec 
trical output taking the Sunshine condition into account for 
each electricity generating module 1501. As a result, it is 
possible to provide the fault detection apparatus and fault 
detection method for detecting a fault for each electricity 
generating module of the photovoltaic electricity generating 
system. 

Namely, according to the fault detection apparatus and 
fault detection method of the present embodiment, a fault can 
be detected accurately, and the position of a faulty electricity 
generating module can be estimated. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

REFERENCE SIGNS LIST 

100: a fault detection system, 101, 1501: an electricity 
generating module, 102,1502: strings, 103, 1503: a measure 
ment device, 104: a controller, a fault detection apparatus, 
201: a module positional data storage unit, 202: an electrical 
output data storage unit, 203: an output characteristic model 
storage unit, 204: a Sunshine condition estimation unit, 205: a 
module Sunshine condition storage unit, 206: a Sunshine con 
dition spatial correction unit, 207: an electrical output fault 
detection unit, 401: module positional data, 501: cloud, 502: 
shadow, 601, 602, 701, 702: an output characteristic model, 
703,704: blocks, 901: string G, 1101: faulty strings, 1504: a 
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communication device, 1505: electricity generating panels, 
1506: a network, 1507: a remote diagnostic server 
What is claimed is: 
1. A fault detection apparatus comprising: 
a Sunshine condition estimation circuit configured to 

receive an actual electrical output from a string that is a 
unit in which a plurality of electricity generating mod 
ules are connected in series, and an output characteristic 
model based on which an electrical output is estimated 
depending on a Sunshine condition affecting electricity 
generation, and to set a value of sunshine condition in the 
output characteristic model which is closest to the actual 
electrical output as a Sunshine condition estimate for 
each String based on the received actual electrical output 
and output characteristic model; 

a Sunshine condition spatial correction circuit configured 
to calculate a first total estimate that is a Sum of Sunshine 
condition estimates of all output characteristic models 
included in a target string, to calculate a second total 
estimate that is a sum of Sunshine condition estimates of 
all electricity generating modules included in each of 
first adjacent strings adjacent to both lengthwise Sur 
faces of the target string, and to correct the Sunshine 
condition estimates of the target string so that the first 
total estimate falls within a range determined by the 
second total estimates; 

an electrical output fault detection circuit configured to 
identify a faulty electricity generating module when a 
difference between the actual electrical output and a sum 
of expected electrical outputs of the electricity generat 
ing modules calculated by using the output characteris 
tic model and the corrected Sunshine condition estimates 
within each String is greater than or equal to a first 
threshold, and the actual electrical outputs is Smaller 
than the Sum of the expected electrical outputs, and to 
output an identification of the faulty electricity generat 
ing module; and 

a unit configured to repair or replace the faulty electricity 
generating module. 

2. The fault detection apparatus of claim 1, wherein the 
Sunshine condition spatial correction unit is configured to 
replace the first total estimate with an average of the second 
total estimates when the first total estimate falls below each of 
the second total estimates of the first adjacent strings by a 
second threshold or more, and set the average or a value 
obtained by stepwisely redistributing the first total estimate as 
a corrected Sunshine condition estimate when the average or 
the first total estimate falls within the range determined by the 
second total estimate of a second adjacent Strings adjacent to 
a short-side Surface of the target string. 

3. The fault detection apparatus of claim 2, wherein the 
Sunshine condition spatial correction unit sets an average of 
the corrected Sunshine condition estimate of the target elec 
tricity generating module and a corrected Sunshine condition 
estimate of the electricity generating modules adjacent to the 
target electricity generating module as a new corrected Sun 
shine condition estimate of the target electricity generating 
module. 

4. The fault detection apparatus of claim 1, further com 
prising: 

a module positional data storage unit configured to store 
module positional data indicating a place where each of 
the electricity generating modules is provided, 

wherein the electrical output fault detection unit refers to 
the module positional data and determines an electricity 
generating module the expected electrical output of 
which is greater than or equal to the difference within a 
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string that has been determined to be faulty to be a faulty 
electricity generating module. 

5. The fault detection apparatus of claim 2, further com 
prising: 

a module positional data storage unit configured to store 
module positional data indicating a place where each of 
the electricity generating modules is provided, 

wherein the electrical output fault detection unit refers to 
the module positional data and determines an electricity 
generating module the expected electrical output of 
which is greater than or equal to the difference within a 
string that has been determined to be faulty to be a faulty 
electricity generating module. 

6. The fault detection apparatus of claim 3, further com 
prising: 

a module positional data storage unit configured to store 
module positional data indicating a place where each of 
the electricity generating modules is provided, 

wherein the electrical output fault detection unit refers to 
the module positional data and determines an electricity 
generating module the expected electrical output of 
which is greater than or equal to the difference within a 
string that has been determined to be faulty to be a faulty 
electricity generating module. 

7. The fault detection apparatus of claim 4, wherein when 
two or more continuous strings in order of the first adjacent 
strings and the target String being adjacent are determined to 
be faulty strings, the electrical output fault detection unit 
identifies the continuous strings as non-faulty strings. 

8. The fault detection apparatus of claim 5, wherein when 
two or more continuous strings in order of the first adjacent 
strings and the target string being adjacent are determined to 
be faulty strings, the electrical output fault detection unit 
identifies the continuous strings as non-faulty strings. 

9. The fault detection apparatus of claim 6, wherein when 
two or more continuous strings in order of the first adjacent 
strings and the target String being adjacent are determined to 
be faulty strings, the electrical output fault detection unit 
identifies the continuous strings as non-faulty strings. 

10. The fault detection apparatus of claim 1, wherein the 
output characteristic model is created by multiplying a basic 
model common to all the electricity generating modules by a 
scale parameter for each electricity generating module. 

11. The fault detection apparatus of claim 2, wherein the 
output characteristic model is created by multiplying a basic 
model common to all the electricity generating modules by a 
scale parameter for each electricity generating module. 

12. The fault detection apparatus of claim 3, wherein the 
output characteristic model is created by multiplying a basic 
model common to all the electricity generating modules by a 
scale parameter for each electricity generating module. 

13. The fault detection apparatus of claim 4, wherein the 
output characteristic model is created by multiplying a basic 
model common to all the electricity generating modules by a 
scale parameter for each electricity generating module. 

14. The fault detection apparatus of claim 5, wherein the 
output characteristic model is created by multiplying a basic 
model common to all the electricity generating modules by a 
scale parameter for each electricity generating module. 

15. The fault detection apparatus of claim 1, wherein the 
sunshine condition is one of a Sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 

16. The fault detection apparatus of claim 2, wherein the 
sunshine condition is one of a Sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 
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17. The fault detection apparatus of claim 3, wherein the 
sunshine condition is one of a sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 

18. The fault detection apparatus of claim 4, wherein the 
sunshine condition is one of a sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 

19. The fault detection apparatus of claim 5, wherein the 
sunshine condition is one of a sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 

20. The fault detection apparatus of claim 6, wherein the 
sunshine condition is one of a sunshine level relative to the 
electricity generating module, and a combination of the Sun 
shine level and a temperature. 

21. A fault detection method comprising: 
receiving an actual electrical output from a string that is a 

unit in which a plurality of electricity generating mod 
ules are connected in series, and an output characteristic 
model based on which an electrical output is estimated 
depending on a Sunshine condition affecting electricity 
generation, and setting a value of Sunshine condition in 
the output characteristic model which is closest to the 
actual electrical output as a Sunshine condition estimate 
for each string based on the received actual electrical 
output and output characteristic model; 

calculating a first total estimate that is a sum of Sunshine 
condition estimates of all output characteristic models 
included in a target String, calculating a second total 
estimate that is a sum of Sunshine condition estimates of 
all electricity generating modules included in each of 
first adjacent strings adjacent to both lengthwise Sur 
faces of the target String, and correcting the Sunshine 
condition estimates of the target string so that the first 
total estimate falls within a range determined by the 
second total estimates; 

identifying a faulty electricity generating module when a 
difference between the actual electrical output and a sum 
of expected electrical outputs of the electricity generat 
ing modules calculated by using the output characteris 
tic model and the corrected Sunshine condition estimates 
within each String is greater than or equal to a first 
threshold, and the actual electrical outputs is Smaller 
than the Sum of the expected electrical outputs, and 
outputting an identification of the faulty electricity gen 
erating module; and 

repairing or replacing the faulty electricity generating 
module. 

22. A fault detection apparatus that detects a fault of an 
electricity generating module of a photovoltaic electricity 
generating System comprising a string comprising a plurality 
of electricity generating modules connected in series, a mea 
Surement circuit configured to measure electricity output 
from the String, and a communication circuit configured to 
output the electricity measured by the measurement circuit, 
the fault detection apparatus comprising: 

an electrical output data storage circuit configured to store 
a value of electricity output by the communication cir 
cuit; 

a module positional data storage circuit configured to store 
positional data indicating a place where each of the 
electricity generating modules is provided; 

an output characteristic model storage circuit configured to 
store an output characteristic model indicating the rela 
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tionship between a Sunshine condition and an electrical 
output for each of the electricity generating modules; 

a Sunshine condition estimation circuit configured to esti 
mate a Sunshine condition for each electricity generating 
module based on the value of electricity output stored in 
the electrical output data storage circuit and the output 
characteristic model; 

a module Sunshine condition storage circuit configured to 
store the Sunshine condition estimated by the Sunshine 
condition estimation circuit; 

a Sunshine condition spatial correction circuit configured 
to correct the Sunshine condition stored in the module 
Sunshine condition storage circuit by using the posi 
tional data; 

a faulty electrical output detection circuit configured to 
calculate an expected electrical output for each electric 
ity generating module based on the corrected Sunshine 
condition and the output characteristic model, and to 
detect a fault in the plurality of electricity generating 
modules by comparing the expected electrical output 
with the value of electrical output stored in the electrical 
output data storage circuit, and to output an identifica 
tion of the fault; and 

a unit configured to repair or replace the faulty electricity 
generating module. 

23. The fault detection apparatus of claim 22, wherein the 
Sunshine condition includes a Sunshine level. 

24. The fault detection apparatus of claim 23, wherein the 
Sunshine condition further includes a temperature. 

25. The fault detection apparatus of claim 22, wherein the 
output characteristic model is a characteristic model obtained 
by multiplying a basic model common to all electricity gen 
erating modules by a scale parameter for each electricity 
generating module. 

26. The fault detection apparatus of claim 22, wherein the 
Sunshine condition spatial correction unit comprises a spatial 
Smoothing unit configured to set the Sunshine condition esti 
mate of the electricity generating module to be an average of 
Sunshine condition estimates of the other electricity generat 
ing modules placed within a predetermined region including 
the electricity generating module. 

27. The fault detection apparatus of claim 22, wherein the 
faulty electrical output detection unit comprises: 

an expected electrical output calculation unit configured to 
calculate an expected electrical output of the electricity 
generating module; and 

an output difference calculation unit configured to calcu 
late an output difference between a sum of the expected 
electrical outputs of the electricity generating modules 
within each of the strings and actual electrical output 
data; 

a detection unit configured to detect a string the output 
difference of which exceeds a threshold as a faulty 
String: 

an identification unit configured to identify an electricity 
generating module that may be faulty by comparing the 
output difference of the faulty string with the expected 
electrical output of each of the plurality of electricity 
generating modules within the faulty string. 
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